Abstract: Postoperative nausea and vomiting (PONV) after vitreoretinal surgery may potentially be associated with severe complications, such as suprachoroidal hemorrhage. The purpose of the present multicenter clinical trial (NCT02386059) was to assess the efficacy of three different prophylactic treatments for PONV after vitrectomy under local anesthesia. Patients undergoing primary vitrectomy were randomized to the control arm or to one of the treatment arms (4 mg ondansetron, 4 mg dexamethasone, combination of the two drugs). The primary outcome measure was the proportion of complete response (no nausea, no vomiting, no retching, and no use of antiemetic rescue medication) during 24 h after vitrectomy. Secondary outcomes included the severity standardized score of PONV, postoperative pain standardized score, and rate of ocular and non-ocular adverse events. Baseline demographics of the 1287 patients were comparable between the four arms. The combined therapy group showed a statistically significant lower incidence of PONV compared to the placebo and monotherapy (p < 0.001). PONV severity was also reduced in the combination group compared to the others (p < 0.001). Postoperative pain scores and adverse events were comparable among the four groups. Combined therapy with dexamethasone and ondansetron was the most effective treatment for reducing the incidence and severity of PONV in patients undergoing vitrectomy under local anesthesia.
Introduction
Postoperative nausea and vomiting (PONV) after vitreoretinal surgery can be an unpleasant consequence of surgery, and may potentially be associated with severe complications, such as suprachoroidal hemorrhage (SCH) [1] . Suprachoroidal hemorrhage is a very serious condition defined as the presence of blood in the suprachoroidal space, following the rupture of the posterior ciliary arteries or vortex veins [2, 3] . It is considered as one of the most devastating complications which may occur in all types of intraocular surgery, including vitreoretinal surgery [2] [3] [4] [5] [6] [7] .
The incidence of SCH after vitrectomy ranges from 0.4% to 1% [6, 7] . A recent multicentre study shows that the rate of SCH after vitrectomy was 0.8%, with a permanently impaired visual function in most of the eyes with this complication. The main precipitating factor in these cases was postoperative vomiting [1] . Therefore, the prevention of PONV is of great relevance both for reducing patient discomfort as well as for avoiding serious ocular complications, such as SCH.
A prospective randomized trial showed that treatment with low-dose droperidol reduced PONV and related complications after vitreoretinal surgery performed under general anesthesia [8] . However, at present, almost all vitreoretinal surgery is performed under local anesthesia, because of quicker patient rehabilitation and the avoidance of possible complications from general anesthesia [9] .
To date no study has evaluated the possible effect of therapy in the prevention of PONV after vitrectomy performed under local anesthesia.
Therefore, the aim of this study was to evaluate the efficacy of ondansetron, dexamethasone, and their combination to prevent PONV in patients undergoing vitrectomy under local anesthesia. Postoperative pain and the rate of adverse events were also investigated.
Experimental Section

Study Design
This was a prospective, randomized, multicenter, double-blind trial, which was registered at ClinicalTrials.gov (Identifier: NCT02386059) in March 2015.
The study was conducted in compliance with the recommendations described in the Consolidated Standards of Reporting Trials (CONSORT) Statement [10] , with the tenets of the Declaration of Helsinki, and the standards of Good Clinical Practice (Table S1 ).
Institutional review board approval was obtained at each study site before the enrollment of patients. The study objective, methods, and period, and the expected adverse events were explained to the patients before obtaining their written and informed consent for participation.
Participants
All consecutive patients that underwent primary vitrectomy under local anesthesia between May 2015 and January 2017 at the Department of Ophthalmology of the University of Catania (Italy), Department of Ophthalmology of the University of Sassari (Italy), and Department of Ophthalmology of the University of Bari (Italy) were assessed for eligibility. The following clinical conditions were considered as inclusion criteria: (1) Retinal detachment; (2) vitreous hemorrhage; (3) dropped lens/IOL; and (4) macular disease, such as macular pucker and macular hole [11] . If a patient had vitrectomy in both eyes, the patient was included in the study for the first vitrectomy.
Exclusion criteria were: Exclusion criteria were:
• 
Randomization and Treatment
After inclusion in the study, the enrolled patients were randomly assigned, in a 1:1:1:1 ratio, to one of four groups related to prophylactic antiemetic treatment, in a double-blind manner using computer-generated codes placed in sequentially numbered opaque envelopes:
• Group A = placebo, received intravenously (IV) two syringes containing 10 mL of saline, one at the start of surgery and one 15 min before the end of surgery.
•
Group B = one syringe of ondansetron, 4 mg diluted to 10 mL IV 15 min before the end of surgery, plus one syringe containing 10 mL of saline at the start of the surgery.
Group C = one syringe of dexamethasone, 4 mg diluted to 10 mL IV, at the start of surgery plus one syringe containing 10 mL of saline 15 min before the end of surgery.
• Group D = one syringe of 4 mg dexamethasone diluted to 10 mL IV at the start of surgery and one syringe of 4 mg ondansetron diluted to 10 mL IV 15 min before the end of surgery.
Two sets of sealed envelopes were used for both males and females to ensure a uniform gender distribution between the groups. An anaesthetist who was not involved in the treatment opened the envelopes and prepared the prophylactic antiemetic treatment in identical syringes immediately before the start of anesthesia. The patients and staff who made the postoperative evaluations were blinded to the group assignments.
Peribulbar local anesthesia consisted of a mixture of 5 mL lignocaine 2%, 5 mL bupivacaine 0.75%, and 1500 U of hyalase. No additional analgesic or sedative measures were administered during surgery.
After recruitment and allocation to the prophylactic treatment, all patients who shifted to general anesthesia, or who received any drug which could have an effect on PONV were excluded from the study.
In the recovery room and at 2, 8, and 24 h postoperatively, the patients were checked for the manifestation of nausea and emetic episodes (defined as dry retching or vomiting) and were also asked for nausea and pain assessment by a blinded observer. Additionally, the medical records were inspected. Patients rated nausea using a 4-point scale (none, mild, moderate, or severe) [8] . Following institutional guidelines, 10 mg of intramuscular metoclopramide was administered when the patient experienced nausea or had 2 emetic episodes within 2 hours. This was followed by 4 mg ondansetron IV when metoclopramide alone was ineffective.
Similarly, patients rated pain using a 4-point verbal rating scale (no pain, mild, moderate, or severe) [12] . When a patient complained of moderate to severe pain, 1 g paracetamol IV was administered. This was followed by 30 mg ketorolac IV (a maximum of 120 mg/day), when paracetamol alone proved ineffective.
To classify the severity of PONV during the 24-h observation period in 4 degrees, we used a standardized scoring algorithm that has been used and described in similar trials. Briefly, no PONV defined the absence of any emetic symptoms and nausea during the entire study period. Mild PONV described the occurrence of mild nausea or one episode of vomiting if caused by an exogenous stimulus (e.g., drinking or movement). Moderate PONV was designated when the patient vomited up to 2 times or experienced nausea that required a rescue antiemetic therapy only once. Patients were classified as having severe PONV if they suffered more than two emetic episodes or necessitating more than one dose of a rescue antiemetic [8, 13] .
Likewise, postoperative pain severity during the 24-h observation period was also categorized in 4 degrees. Briefly, no pain described the absence of any painful symptom during the 24-h study period. Mild pain was defined as the occurrence of mild pain at least once during the study period. Moderate pain was defined as the occurrence of moderate pain at least once during the study period with or without administering only paracetamol rescue therapy. Severe pain was defined as the occurrence of severe pain at least once during the study period that required administration of analgesics or the occurrence of moderate pain that did not resolve after paracetamol rescue therapy and required a further drug.
Eye examination, including slit lamp and fundus examination and Goldmann tonometry, was performed on the first day after surgery and, also, when PONV or pain occurred.
Additionally, patient demographic, systemic, preoperative, and intraoperative data were recorded and analyzed, along with possible side effects of the administration of the study drugs (e.g., akathisia/restlessness, drowsiness, dizziness, headache).
Study Objectives
The primary outcome of the study was to evaluate the proportion of patients with complete response (absence of PONV: No nausea, no vomiting, no retching, and no use of antiemetic rescue medication) during the first 24 h after vitrectomy.
Secondary outcome measures were a standardized score of nausea and/or vomiting severity if PONV occurred within 24 h and a standardized pain score during the same post-operative period.
Non-ocular and ocular adverse events occurring during the study period were considered as secondary outcomes and were recorded. High IOP was defined as an IOP value ≥ 30 mmHg, whereas hypotony was an IOP value ≤ 6 mmHg. Treatment of IOP rise included oral acetazolamide 250 mg at IOP ≥ 30 mmHg, additional topical combination of timolol 0.5% and dorzolamide 2% at IOP ≥ 35 mmHg, as well as additional topical brimonidine 0.2% at IOP ≥ 40 mmHg.
Statistical Analysis
The sample size (at least 300 eyes for each group) was determined from the results of our preliminary data (30% in untreated patients, and 8% in patients treated with dexamethasone and ondansetron) to detect, with an alpha of 0.05 and 90% power (one-tailed), a 20% difference in the rate of complete response (absence of PONV: No nausea, no vomiting, no retching, and no use of rescue medication). To allow for a percentage of unsuccessful treatment, at least 330 eyes per group were randomized. The rate of patients with complete response (absence of PONV) after vitrectomy in the four groups was compared by the KRUSKAL-WALLIS test; if significant, multiple comparisons between groups were performed by Dunn-Bonferroni pairwise comparison test.
Chi square test was used to compare the rate of high IOP in PONV cases and non PONV cases. p values < 0.05 were considered as statistically significant. Statistical analysis was conducted using the SPSS 11.5.1 soft package for Windows (SPSS, Inc., Chicago, IL, USA).
Results
Patients' Disposition and Baseline Characteristics
The recruitment flowchart is displayed in Figure 1 . Data from 1287 patients were analyzed. Baseline demographic and systemic characteristics along with preoperative and intraoperative data are summarized in Table 1 . There were no statistically significant differences between the four groups for all the variables analyzed (demographic, systemic, preoperative, and intraoperative data). 
Primary Outcome Measures
The primary outcome was the proportion of patients with complete response (absence of PONV: No vomiting, no retching, and no use of antiemetic rescue medication) during the first 24 hours after surgery (Table 2) . A significant difference was seen among groups (KRUSKAL-WALLIS test p < 0.001).
The combination group had the greatest rate of complete response (95.96%, 309 of the 322 patients), which was significantly higher compared to the ondansetron group (80.38%, 254 of 316 patients, p < 0.001), to the dexamethasone group (80.79%, 265 of the 328 patients, p < 0.001) and to the placebo group (71.96%, 231 of the 321 patients, p < 0.001).
The rate of complete response in the ondansetron group and dexamethasone group was higher than in the placebo group (p = 0.036 and p = 0.023, respectively), with no difference between the two monotherapy groups (p = 1).
PONV was more frequent in females in three of the four groups, without significant differences among the groups (Kruskall-Wallis) ( Table 3) .
PONV was more frequent in patients with arterial hypertension in three of the four groups (Table 4) , without significant differences among the groups (Kruskall-Wallis). 
Secondary Outcome Measures
Standardized score of nausea and/or vomiting severity if PONV occurs.
The KRUSKAL-WALLIS test shows a statistically significant difference in PONV standardized score among the four groups during the first 24 hours after surgery (p < 0.001).
Pairwise comparison showed a higher PONV intensity score (mild = 62, moderate = 23, severe = 5) in the placebo group than in the ondansetron group (mild = 46, moderate = 16; p = 0.028), and the dexamethasone group (mild = 45, moderate = 18; p = 0.020). There was no significant difference between the two drugs (p = 1). The best results were found in the combination group (mild = 11, moderate = 2, p < 0.001 vs. placebo group). Combined therapy had better results compared to monotherapy (p < 0.001) ( Table 5 ). 
Pain Score during the 24 h Post-Operative Period
The KRUSKAL-WALLIS test showed no significant difference in the pain score among the four groups during the first 24 hours after surgery (p = 0.080) ( Table 5 ).
Adverse Events
Non-ocular and ocular adverse events are shown in Table 6 . No serious non-ocular adverse events were reported during the study period. There was no statistically significant difference in non-ocular adverse event rates among the four groups. (p > 0.05). Six serious ocular adverse events were reported throughout the study period: Four SCH cases, of which two were in the placebo group, one in the dexamethasone group and one in the ondansetron group; two cases of retinal detachment, of which one was in the dexamethasone group and one in the placebo group. There was no statistically significant difference in the ocular adverse event rates among the four groups (p > 0.05). Additionally, high IOP was also studied considering PONV onset: High IOP was registered in 4.4% of PONV cases and in 2.5% of cases without PONV (p = 0.132). 
KRUSKALL-WALLIS
Akathisia/Restlessness, No. (%) 0 (0%) 0 (0%) 1 (0.3%) 0 (0%) - Death, No. (%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) - Dizziness, No. (%) 6 (1.9%) 4 (1.3%) 2 (0.6%) 2 (0.6%) p = 0.353
Discussion
In this study, combined administration of dexamethasone and ondansetron proved to be the most effective prophylactic treatment for the prevention of PONV after vitrectomy performed under local anesthesia.
PONV represents a threatening event during the perioperative period following vitreoretinal surgery, which could irremediably jeopardize visual and anatomical outcomes as it has been associated with the onset of suprachoroidal hemorrhage and intraocular bleeding [1, 14] .
The incidence of PONV after vitreoretinal surgery has been reported to be roughly 60% when performed under general anesthesia [14, 15] and up to 50% under local anesthesia [13] .
Thus, the prevention of such a concerning event is necessary to provide patients with the sharpest visual outcome.
A prospective randomized trial studied the prevention of PONV after vitrectomy under general anesthesia, comparing droperidol and dolasetron [8] . The results showed that low-dose droperidol reduced the incidence and the severity of PONV compared to placebo whereas dolasetron did not [8] . However, droperidol has been associated with malignant proarrhythmogenic effects, with a consequent "black box warning" issued by the Food and Drug Administration (FDA) for all doses of droperidol [16] . Furthermore, nowadays, local anesthesia is the mainstream anesthetic practice when it comes to vitreoretinal surgery because of its advantages, such as the avoidance of general anaesthetic risks, good postoperative analgesia, and faster postoperative rehabilitation [9] .
General anesthesia is reported to have an 11-fold increased risk for PONV compared to regional anesthesia [17] . In particular, ocular surgery has been associated with an additional risk factor related to the oculoemetic reflex triggered during this type of surgery [8, 13] .
In the present trial, all patients enrolled underwent vitrectomy under local anesthesia. No other supplementary analgesic or sedative drugs were given during surgery, such as midazolam or opioids, due to their possible influence on the pathophysiological and neurochemical mechanism of PONV [18, 19] .
The most commonly used antiemetic drugs in the perioperative setting for PONV prevention are Serotonin type 3 (5-hydroxytryptamine type 3 or 5-HT3) receptor antagonists and corticosteroids, which have been given after ocular surgery as well [20] . The former drugs act by antagonizing 5-HT3 receptors both peripherally on vagal afferents and centrally in the area postrema. In particular, ondansetron is the most diffused 5-HT3 receptor antagonist with a typical dosing of 4 mg for the prevention of PONV, and higher doses may be used for the treatment of nausea and vomiting associated with chemotherapy [18] .
Combined administration of dexamethasone of 4 mg at the beginning of surgery and ondansetron of 4 mg before the end of surgery is supposed to be the most suitable multimodal approach for preventing postoperative nausea and vomiting [21] .
Both ondansetron and dexamethasone present low rates of adverse events. Ondansetron is considered well tolerated, its most common side effect is a headache [22] . In 2012, the FDA recommended not to exceed 16 mg of ondansetron in a single dose due to risk of QT prolongation, and, subsequently, the 32 mg single IV dose has no longer been marketed [23] . However, such a high dose is only administered for chemotherapy-induced nausea and vomiting. This suggests its safety when given in lower doses for postoperative nausea and vomiting [24] . Side effects of dexamethasone are postoperative hyperglycemia and wound infections, which become questionable when a single dose of 4 mg of dexamethasone is administered [18, 25] .
In this prospective randomized clinical trial, dexamethasone and ondansetron, alone and in combination, were tested for the first time as prophylactic treatment of PONV after vitreoretinal surgery performed under local anesthesia, also evaluating postoperative pain and the rate of adverse events.
Our results demonstrated that both dexamethasone and ondansetron are effective in reducing the incidence and severity of PONV compared to placebo, but the most effective treatment is the combination therapy of these two drugs, which produced a highly significant difference when compared to the placebo group and a significant difference when compared to single drug administration.
Xiang et al. [13] recently conducted a randomized clinical trial to assess the analgesic and sedative efficacy of dezocine and midazolam in vitrectomy under local anesthesia, also analysing their effect on PONV as a secondary outcome. Their results showed that midazolam significantly reduced the PONV rate compared to the placebo group [13] . However, midazolam is a sedative drug, which has been associated with severe hemodynamic and respiratory side effects [26, 27] .
The incidence of PONV reported by Xiang et al. in the placebo group was 60% [13] , much greater than that shown by our results. This discrepancy could to be related to the different methodologies used in the two trials. In particular, the exclusion criteria listed by Xiang et al. [13] did not take into account a condition of chronic or acute nausea, whereas our study relied on strict exclusion criteria to minimize any confounding factors.
Our results also confirm the low rate of adverse events and tolerability of both dexamethasone and ondansetron. The most common non-ocular adverse event recorded was a headache, whose rate was slightly greater in the ondansetron group and the combination group, even if there was no significant difference between groups.
Regarding the possible association between high IOP and PONV onset, our findings showed no difference in high IOP among the four groups and, overall, any association between high IOP and PONV was found.
The present study has some limitations. First, the study was not powered to assess the safety of the study drugs, the aim being to evaluate the effectiveness of the prophylactic treatments. Therefore, we recorded only the rate of adverse events. Second, both postoperative nausea and pain were evaluated by using a 4-point verbal rating scale, which has been considered slightly less sensitive compared to a visual analogue scale [28] . Nonetheless, considering patient discomfort after eye surgery in being analyzed repeatedly through a visual analogue scale, and also taking into account that some authors did use the verbal rating scale for the same purpose [8, 13] , we decided to use the verbal rating scale.
Conclusions
In summary, the combination of ondansetron and dexamethasone was seen to be the most effective treatment for the prevention of PONV after vitreoretinal surgery performed under local anesthesia, also presenting a low rate of adverse events. The association of these two drugs may be recommended as the first choice prophylactic treatment for patients scheduled for vitrectomy under local anesthesia.
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